The organoleptic properties of traditional dairy beverages done with non-conventional dairy species (horse, camel), popular in Central Asia, were rarely described in the literature. To characterize the Volatile Organic Compounds (VOC) profile of fermented mare milk, 12 samples of cow milk, used as matrix were inoculated by different strains from two types of bacteria (bacilli and cocci) isolated from natural fermented mare milk. The analysis performed by Gas Chromatography coupled with Solid-Phase Micro-Extraction allowed identification of 160 different compounds from the 12 strains, and 90 from natural fermented mare milk. After cluster analysis, 3 types of profiles were observed. Those profiles were distinct by the amount of acid compounds (low, medium, high), negatively related to aromatic and aliphatic hydrocarbons. The analysis of the mean volatile compound profile of each type of bacteria (bacilli and cocci) by factorial discriminant analysis showed that 3 molecules (oxime-methoxy-phenyl, propanedioic acid propyl and 2-propanamine) allowed to well class 100% of the samples. Further researches on bacterial identification and experiments with different fermentation matrices from other dairy species will be conducted.
Introduction
Volatile organic compounds (VOC) are used to characterize the organoleptic properties of dairy products [1; 2] . However, their routine determination is relatively new due to the improvement of the equipment for their detection. Consequently, the characterization of dairy products by VOCs is also new and provides a better knowledge of the molecules responsible for aroma production in those products. VOCs composition in dairy products depends on several factors: types of feeds of the dairy animal, microflora naturally present in the raw milk, and also on the processing procedure. The taste and smell of dairy products largely depend on the degree of accumulation of volatile carbonyl compounds, carboxylic acids and other aromatic substances. These compounds determine not only the taste and quality of products, but also have great physiological importance, since they contribute to the secretion of digestive juices and provide good digestibility of the product by human.
In Central Asia, the consumption of fermented milk from different dairy species (cow, horse, camel) is an important element of the local culture [3] . Data for describing those local products by their physico-chemical, biochemical and microbiological composition is widely available [4] , but the organoleptic properties were defined only by qualitative description. At our knowledge, the characterization of organoleptic properties of fermented mare milk (koumiss), one of the typical products produced in Kazakhstan, by the analysis of VOCs was never achieved. Microorganisms responsible of fermentation process are involved in the production of a large number of different volatile compounds, including, alcohols, esters, hydrocarbons, terpenes, ketones, sulfur-containing compounds and carboxylic acids.
Thus, the objective of the present paper was to determine the VOC profile of milk fermented by different microorganisms isolated from mare milk.
Materials and methods
Samples used. Five samples of fermented mare milk (koumis) and one sample of raw mare milk from 6 different locations of Kazakhstan (Merke, Almaty, Semey, Taraz, Shymkent and Urzhar) were collected directly on farm in sterile tubes of 10 ml. They were carried at 4°C to ANTIGEN laboratory for further analysis. The strains of lactic acid bacteria used as starter cultures were isolated from mare's milk and koumiss obtained by spontaneous fermentation and identified as the predominant species during the production process. LAB strains were isolated from sample by using wire loops on the M17 and MRS agar (Biokar Diagnostics, France). After the incubation period (48 h, 37°C), single colonies that had different morphological traits were sub-cultured. Microorganisms were maintained at -4°C in the tubes on the correspondent nutritive medium and at -20°C in the culture broth supplemented with 30% glycerol. 12 strains of lactic acid bacteria were obtained, including, seven strains of bacilli and five strains of cocci were identified morphologically. The strains were characterized by using Gram's staining (reagent kit "Color Gram2-E" BioMérieux, France), catalase tests (ID color catalase ID-ASE Biomérieux, France) and oxidase tests (Oxidase reagent Biomérieux, France).
Experiment design. One unique matrix (commercial UHT cow milk Lactel © , 2.5% fat matter) was used for inoculation of each specific strain for fermentation process. Normalized cow milk was heated to 65°C, homogenized at 20 MPa, pasteurized at 95°C for 5 min and cooled to inoculation temperature. Milk was inoculated (5% of the mother culture) and incubated at 37°C. Samples of this matrix without inoculation were used as control.
After inoculation, samples were stored at 37°C for 48 hours to start the fermentation process. Then, each sample was analyzed for VOCs profiles determination using Gas Chromatography with Mass spectrometry detection (GC-MS). For VOCs profile determination, one control was tested for each day of analysis (3 controls). One sample of naturally fermented koumis from Taraz was also analyzed for comparison.
Analytical procedure. Solid-phase microextraction (SPME) technique with 50/50μm DVB/CAR/ PDMS extraction fiber was used for sample preparation according to method of Xu et al. [5] . The extraction temperature was 60 0 C, extraction time 30 minutes, the depth of fiber immersion in the vial 22 mm. The desorption time was 3 min.
After the extraction, the fiber was placed in the injector of gas chromatograph, heated to 260°C in splitless mode. Separation of VOC was carried out using a 30m long capillary column HP-5MS (Agilent, USA), inner diameter -0.25 mm and a film thickness of 0.25 μm at a constant gas carrier (helium) rate of 1.0 ml/min.
The chromatography temperature was programmed from 40°C (5 min) to 200°C at a heating rate of 5°C/min (5 min), followed by heating to 260°C (1 min) at 5°C/min. The total chromatographic time was 55 minutes. The temperatures of the interface, ion source and quadrupole of the mass spectrometric detector were 260, 230 and 150°C, respectively.
Mass spectrometric detection was performed in the SCAN mode in the range of mass numbers (m/z) from 34 to 550 amu (atomic mass unit).
The analysis was carried out on a gas chromatograph with mass spectrometer detector 7890B /5977B quadrupole, with electron impact ionization (Agilent, USA, 2017). The device is annually tested. The chromatograph is equipped with an autosampler MultiPurpose Sampler MPS (Gerstel, Germany, 2017), which allows to automate the analysis of samples. The MassHunter GC/MS Acquisitions B.07.05.2479 and Agilent MSD ChemStation software (version F.01.03.2357) were used to control the gas chromatographic system, record and process the chromatographic data. Data processing included determining retention times, peak heights and areas, and processing of spectral information obtained with the mass spectrometric detector. To investigate the obtained mass spectra, the library Wiley 10th edition was used (the total number of spectra in the library is more than 550,000).
The content of the components was determined by the method of rationing peak areas (reduction to 100%), i.e. finding the percentage of each component in the mixture being analyzed.
Statistical analyses. The software used was XLstat, 2017 (Addinsoft © ).The objective of the statistical analysis was to identify VOC profiles according to the different strains used. For that, a multivariate analysis was applied. The raw data table (specific fermented milk samples * percentage of different volatiles compounds) was submitted to Principal Components Analysis (PCA) in order to identify the dissimilarity between the profiles [6] .
The type of lactic bacteria was used as supplementary variables to identify the proximity with specific VOCs profiles. In a second step, to simplify the reading of the results, all the volatile compounds were grouped into nine organic chemical classes: aliphatic hydrocarbons, aromatic hydrocarbons, alcohols, ketones, aldehydes, acids, esters, nitrogen compounds and others. Such classification was similar to that proposed in the literature [7] . The PCA of the group of compounds was followed by a cluster analysis (Ascending Hierarchical Classification -AHC) on Ward method to identify groups of profiles [8] .
To assess the difference between the two types of lactic acid bacteria (bacilli and cocci), a multivariate discriminant analysis (MDA) with forward stepwise model was applied [9] . Then, due to non-normalized data, non-parametric Mann-Whitney test was achieved to assess the significant level of difference between the VOCs profiles of these two lactic acid bacteria. Discriminant analysis was applied both on VOCs group and on VOCs profiles.
Results and discussion
As the whole, 160 volatile compounds were identified. The list of the molecules reported in Table 1 was grouped by class of organic compounds. The group "hydrocarbons" included aliphatic hydrocarbons (n=31) and aromatic hydrocarbons represented by only one compound (benzene, 1,3-bis(1,1-dimethylethyl). The number of molecules differed between samples: 14 molecules in sample 2; 16 in sample 3; 28 in sample 4; 17 in sample 5; 17 in sample 6; 29 in sample7; 12 in sample 8; 25 in sample 9; 27 in sample 10; 47 in sample 11; 29 in sample 12 and 49 in sample 13. The controls contained 13 molecules only.
In comparison, the natural koumis contained 90 different molecules and only 5 were common to the specific fermented milk (Table 2) : decanoic acid, ethyl ester (25.7%), ethanol (5.8%), octanoic acid (2.07%), dodecanoic acid (1.57%), 2-methyl-5H-dibenz[b,f] azepine (0.12%) and nonanoic acid (0.02%).
In order to facilitate the analysis, a table including our 13 samples (including the 3 controls) described by the sum of percentage for each class of molecules (9 groups) was created and submitted to Principal Components Analysis.
Analysis of the groups of VOCs. The main factors of the PCA explained almost 60% of the variance and are marked by the opposition between profiles rich in hydrocarbons at the right side of the factorial plan, and profiles rich in acids and nitrogen-compounds at the left side. On the second factor, the variable "others" was the main contributive variables with aldehydes in opposition to profiles rich in alcohols (Figure 1) .
The cluster analysis showed 3 main groups of VOCs profiles ( Figure 2 ) with high difference in their main composition (Figure 3) .
The type 1 (samples 2, 7, 12, controls C1, C2 and C3) were composed mainly by aliphatic, aromatic and ketone compounds. The second type which contained 6 samples (numbers 3, 4, 8, 9, 10, 11, and 13) was characterized by its richness in ketones and acids. The last type (samples 5 and 6) contained mostly acid compounds (90%).
Description of the samples by their full profile (Figure 4a , b and c). Each sample was described by the proportion of each group of VOCs sorted, in the order, in acids (AC), aldehydes (AD), alcohols (AH), nitrogen-compounds (AM), esters (ES), aliphatic hydrocarbons (HCF), aromatic hydrocarbons (HCR), ketones (KE) and others (OT). In addition to the main components described above by groups, the analysis by molecule showed that the type 1 contained a small part of alcohol compounds (5% on average) and the type 2 a highest quantity of N-compounds, esters and others compounds while in type 3, only VOCs from acid groups were predominant.
The analysis of the table (13 samples*160 VOCs) by PCA showed that 3 samples had specific profiles quite different than the others. The sample 13 was the most original product with 49 compounds and was the only sample containing ethylene oxide, 3,5-dichloro-2-hydroxybenzaldehyde, 5,5-d2-trans-3,4-dihydroxy-cyclope, 2-pentanamine, 3-amino-2-methylbutanoic acid, 12-methylaminolauric acid, ethanol, 2-(ethenyloxy), butanoic acid and methyl ester. After discarding sample 13, the most original sample was n°11 which is the only sample containing many molecules, especially ethanamine N-methyl-, cyclobutanol, 2,3-butanedione, acetic formic anhydride, 5-trideuteromethyltetrazole, benzeneethanamine, 2-fluoro-β,5-dihydroxy-N-methyl-, butanoic acid, butane, 1,2,4-trimethoxy-, 2,4-Pentanediol, and 2-methyl-representing as the whole 34% of the molecules in the sample. The sample n°7 was alone to contain hexane, 2,3,5-trimethyl, 1,3-dimethylthioindole, 1H-Imidazole, 2-nitro, methyltetradecan-2-ol 2-, alpha-DGlucopyranoside, beta.-, nonanal, 1,3-dioxolane, 2-ethyl-2-methyl-, and heptanoic acid.
International Journal of Biology and Chemistry 11, № 2, 57 (2018) VOCs profile difference between bacilli and cocci starters. The PCA analysis of the VOCs groups showed an opposition between samples fermented with cocci and those fermented with bacilli starter along the second factor of the analysis (Figure 1) . The discriminant analysis applied on the table (12 samples * 9 VOCs groups) showed that the mean profiles of each type of lactic acid bacteria can be discriminated with a percentage of well-classed at 83.3%. The stepwise model showed that the main discriminating group of compounds was the group "others" molecules. The integration of other groups (the second discriminating parameter was ketones) did not improve the discriminating power. The variance analysis confirmed that only the group "other compounds" was significantly different (P<0.01) between the two types of lactic acid bacteria (Table 3) . Variance analysis was then applied on the "Other VOCs" group only to identify the specific molecule explaining this difference between type of bacteria. It appeared that only one molecule differed significantly: indeed, oxime-methoxy-phenyl was significantly higher (P<0.01) in samples fermented with cocci bacteria (5.9 ± 4.5 %) than with bacilli (0.63 ± 1.14%). The analysis of the full profiles (160 VOCs) by Mann-Whitney test showed that 77% of the molecules were significantly different between the two bacteria. However, after submission to discriminant analysis of the full table (12 samples, except control * 160 compounds), the combination of 3 molecules were sufficient to allow discriminating 100% of the samples. The main molecule was still oximemethoxy-phenyl. The second discriminant molecule was propanedioic acid, propyl-(group "Acids") and the third, 2-Propanamine (group "N-compound"). The values of the second molecule were 0.99 ± 1.26 and 3.44 ± 3.18% for bacilli and cocci, respectively. For the third one, the values were 0.17 ± 0.29 and 0 respectively.
Variability in compounds population. Natural koumis is known to contain a large number of lactic bacteria and yeasts strains. For example, Bai and Ji (2016) [10] in China identified 55 LAB strains. Such microbiological biodiversity, due to spontaneous fermentation, could explain the high number of potential volatiles compounds in such typical beverages compared to our samples obtained after controlled fermentation. Compared to natural koumis which contained 5.8% ethanol, our samples of fermented milk had low quantity of alcohol. Indeed, the high level of ethanol usually found in natural koumis is usually due to yeasts [11] and not to bacteria as bacilli or cocci. However, three of our samples contained ethanol molecule (3.4% in sample 9, 1.3% in sample 11 and 0.9% in sample 13). It could be due to certain strains of bacteria (one sample was cocci and two, bacilli), but as the present study was based on preliminary data, the identification of strains was not yet achieved. Indeed, ethanol production could be possible in relatively high quantity with lactobacillus strains [12] .
The use of cow milk as matrix for inoculation could also explain that only 5 compounds from natural koumis were common with the VOCs in our samples. Indeed, there is an important difference in lactose content between mare milk (60-80 g/L) and cow milk (30-50 g/L) and, consequently LAB strains could produce a higher compound variability.
Variability of VOCs profiles. Regarding the full VOCs profile, samples clearly divided into 3 types (issued from cluster analysis). The most apparent discriminant group of molecules was acid compounds. Control samples contained less acid compounds as they were not fermented. However, 3 samples of fermented milk presented similar pattern which attested the absence or very low level of hydrolysis of milk components. Probably, the strain of bacteria used in these samples (all bacilli) were not enough active in cow milk matrix or required more incubation time because a slow metabolic activity [13] . The second type of profile was characterized by its wide variety of compounds, with relatively higher proportion of Nand S-compounds (included in group "other"). Those molecules issued from hydrolyze of amino-acids and probably the bacteria strains (mostly cocci) in this VOCs profile type produced proteolytic enzymes. Ester compounds were also present in higher proportion which could be due mainly to fat hydrolysis [14] . The third type was milk with presence of ketones and overall high quantity of acids. Those samples were inoculated with bacilli strains probably able to have high acidification capacity. Bacilli strains are known to produce strong flavor in dairy products [14; 15] .
Discriminant parameters of lactic bacteria. Despite large number of aroma distinguishing VOCs profile of bacilli and cocci, 3 molecules only were involved in the discrimination. The most discriminating molecule (oxime-methoxy-phenyl-OMP) is a chemical product belonging to imine group which has sweetener taste used in the agro-industry [16] . OMP is normally largely present in UHT cow milk. Dursun, Güler and Şekerli (2017) [17] reported its proportion in VOCs profile of UHT milk at 46.07%.
The second molecule was propanedioic acid, propyl-, an acid component for which no information was available. Despite its role to discriminate the two types of bacteria, its effects were not described in the literature.
At reverse, more information was available for the third discriminating parameter (2-propanamine). It is an amine, building block for several pesticides and herbicides. However, its proportion in our samples was quite low, and even nil in milk inoculated with cocci. The dissimilarity between bacilli and cocci is mainly morphological, but their fermentative activity appeared also quite distinct with two VOCS profiles with only 23% of the molecules having no significant difference. However, no data is available on the VOCs profile description for these two types of bacteria and their effect on flavor of dairy products.
Conclusion
The present study focused on VOCs profile of microflora from raw and fermented milk. The description of those profiles was never done previously. Yet, there is no description of the typical flavor of these products, popular in all Central Asia. The characterization of those flavor could be an essential element to describe the wide biodiversity of those traditional dairy beverages, the flavor of which depends on their microflora. With only 3 compounds, it was possible to distinguish the products inoculated by different types of bacteria with 100% probability. This means that VOCs profiles are highly dependent on the strains used for inoculation, which could have an important impact for agro-food industry to control fermentation process and then, to obtain new dairy products. For the next step, different matrices (milk from other species) for fermentation should be tested, and the strains of bacteria will be identified for a better understanding of their effect on flavor.
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